Abstract: Demographic change has increased the need for research on healthcare for older people. Recently there has been a growing awareness that research might benefit from actively involving patients and the public in study design and conduct. Besides empowering patients and democratizing research, involvement enhances the quality of research and the development of equitable healthcare solutions. Little is known about how to involve older people. This review aims to support scientists intending to involve older people in health research by systematically identifying and describing studies involving older people and analyzing associated facilitators and challenges. Old people were operationalized as people living with old-age-related conditions. We conducted a systematic search in PubMed, CINAHL (Cumulative Index to Nursing and Allied Health Literature), and Cochrane library for the period 2007 to July 2017 and also manually searched reference lists of the nine retrieved articles and other relevant sources. While involvement of older people in research is feasible, specific challenges related to this group need be taken into account. Strategies to enhance effective involvement comprise a thoughtful choice of location, use of visualization and accessible communication, building good relationships and flexible approaches. Further research is needed on the involvement of people in care homes or with vision, hearing or mobility limitations.
Introduction
Due to demographic change, healthcare for older people is gaining more importance. Consequently, the need for health research that focuses on older people is increasing. In the last years there has been a growing awareness that patients and the public should be more actively involved in the design, conduct and dissemination of health-related studies [1, 2] . It has been argued that patient and public involvement (PPI) leads to a democratization of the research process and supports the empowerment of patients, especially of the easily overlooked [1] [2] [3] [4] [5] [6] . PPI enhances the development of equitable healthcare solutions, changes health outcomes, and is thus a prerequisite for a patient-centered health care [2, 7, 8] .
While there is still no unified definition of PPI, INVOLVE, the national advisory group to the National Health System (NHS) in the United Kingdom (UK), describes involvement as "research being carried out 'with' or 'by' members of the public rather than 'to', 'about' or 'for' them" [9] . The Patient-Centered Research Outcomes Institute (PCORI) in the United States (US) and the Canadian Institutes of Health Research (CIHR) use the terms 'engagement in research' [10] or 'patient engagement' [7] . Similarly to INVOLVE, these two organizations define these terms as the active and meaningful involvement of patients or other stakeholders in research. For the sake of consistency we used the terms and the definition of PPI from INVOLVE throughout our review. Often, PPI is described as a continuum, from low to high degree of participation [4, [11] [12] [13] . Mostly, three levels of involvement are distinguished: The lowest level is 'consultation', meaning that research will ask patients and/or the public for their views. 'Collaboration' is a partnership between researchers and the public/patients that strives for continuity; the public/patients take part in decisions. The highest level is 'user-led', where the public/patients are supported to lead parts of the research themselves. Most recently in the UK there has been a shift from the categories of consultation, collaboration and user-led to co-production approaches [14] . While an agreed definition of co-production is still missing, central principles such as reciprocity and mutuality were introduced by Boyle et al. [15] .
Patients and/or the public can be involved in all or single stages of the research process. Bagley et al. [16] specify a pathway for PPI in clinical trials that starts with defining the most relevant research questions and ends with measuring the impact of the findings and informing future trials. In a systematic review, Domecq et al. [1] found that the most common methods of patient engagement were focus groups, interviews, and surveys. Not all of these methods of engagement would, however, pass INVOLVE's definition of involvement. According to the review, more active participation was achieved by memberships in study boards or advisory councils, or through attending regular meetings with researchers. Further, in some studies participants got involved in operational tasks, such as recruitment procedures, data collection, or measuring outcomes [1] . The authors noted that most studies use convenience samples for recruiting and selecting patients, and only very few select a random sample of participants [1] . Self-selection of participants might lead to limited diversity of the group and decrease equality of opportunity to get involved in research. Among others, people with old-age-related conditions are 'easily overlooked' (a term preferred by INVOLVE to 'hard-to-reach', as the latter suggests that the fault is on the site of the patients) or excluded due to stigmata that devaluate their abilities to contribute [17] [18] [19] . Being underrepresented in PPI can lead to the perspectives of patients/the public not being heard in research activities and in the resulting healthcare [17, 18, 20] . Based on case studies, Iliffe et al. [21] see challenges in the involvement of people with progressive disease, cognitive impairments and limitations in mobility or speech, and suggest that disease specific issues should be considered in the planning of PPI. However, while there has been an increasing body of research on involving patients in general, there is no overview on studies that actively involved people with old-age-related conditions.
The aim of this review is to support scientists who intend to involve older patients in health research by systematically identifying and describing studies that involved older patients and analyzing the associated facilitators and challenges. We used the term 'patient' throughout the article for consistency, but are aware that other terms such as 'service users' would also fit and may better display the active role that PPI strives for. For the purpose of this study health research is understood as bio-medical basic research, clinical research, medical (bio-)technology research, pharmaceutical research, health services research and public health research. To operationalize the term older people, we deliberately did not define a certain age group but conditions that are associated with old age. We found a range of conditions that are highly relevant for older people [21, 22] based on which we focused on six conditions that can possibly induce additional challenges for PPI: people with dementia, frailty, people in need of care who live in a nursing home, people with reduced mobility, as well as people with advanced hearing or visual impairments.
Our research questions were: (a) What methods of PPI have been used to involve people with six relevant old-age-related conditions in health research? (b) Which facilitators and challenges of PPI have been reported in these studies?
Methods

Eligibility Criteria
We searched for methods to actively involve people with old-age-related conditions in health research. Articles had to fit to INVOLVE's definition of PPI in research which states, "research being carried out 'with' or 'by' members of the public rather than 'to', 'about' or 'for' them" [9] . We only included peer-reviewed empirical articles. Reviews, editorials, opinions and comments were excluded but used to inform the background, analysis and discussion. Table 1 lists all eligibility criteria in detail. Methods of involvement Methods of involvement in research are described detailed enough to answer at least one of our research questions
Search Strategy
A systematic search in three electronic databases comprising medical or nursing literature (PubMed, CINAHL (Cumulative Index to Nursing and Allied Health Literature) and Cochrane library) was undertaken from 1 January 2007 to 21 July 2017 following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Guidelines [23] . Our search combined sets of terms (see Figure 1) for the people involved (set 1), the method of involvement (set 2), the involvement in research (set 3) and the six old-age-related conditions (set 4). To improve accuracy we followed Boote et al. [3] and limited the word stem 'participa*' in set 2 to articles that also have 'involv*' or 'research' in their title or abstract. In set 4 the terms in front of the slash were used in PubMed and Cochrane library. The terms behind the slash were used in CINAHL. 
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Search Strategy
A systematic search in three electronic databases comprising medical or nursing literature (PubMed, CINAHL (Cumulative Index to Nursing and Allied Health Literature) and Cochrane library) was undertaken from 1 January 2007 to 21 July 2017 following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Guidelines [23] . Our search combined sets of terms (see Figure 1) for the people involved (set 1), the method of involvement (set 2), the involvement in research (set 3) and the six old-age-related conditions (set 4). To improve accuracy we followed Boote et al. [3] and limited the word stem 'participa*' in set 2 to articles that also have 'involv*' or 'research' in their title or abstract. In set 4 the terms in front of the slash were used in PubMed and Cochrane library. The terms behind the slash were used in CINAHL. In addition, manual searching of reference lists of pertinent articles, of the specialist journal 'Research involvement and engagement', and the INVOLVE library 'Putting it into practice' was conducted. We further used citation tracking in Google Scholar to identify articles that cited included articles and screened them for eligibility. In addition, manual searching of reference lists of pertinent articles, of the specialist journal 'Research involvement and engagement', and the INVOLVE library 'Putting it into practice' was conducted. We further used citation tracking in Google Scholar to identify articles that cited included articles and screened them for eligibility.
Article Selection
We used Endnote software (Version X7.7.1, Thomson Reuters) for data management. Databases were searched up to 21 July 2017. After identifying potentially eligible articles (N = 7452) and removing duplicates (N = 570), one investigator (IS) did a very sensitive screening based on titles and abstracts. Articles were included generously in full text screening if potentially eligible. In total we included 87 articles in full text screening. At the stage of full text screening uncertainties were discussed with the second investigator (AG). We excluded 78 articles after full text screening. For further details on article selection see Figure 2 . A list of articles that were excluded at the full-text stage is available from the authors. 
Data Extraction and Synthesis
Both authors of this review jointly developed and discussed a standardized form to extract the data. The form was pre-tested on three included articles to ensure usability and completeness of data. IS did the data extraction and AG reviewed the extracted data for correctness. We extracted the following data: reference, topic of article; aim, stages and methods of PPI, participants, recruitment, roles, setting, structure; challenges and facilitators; ethics. All but one item are presented in Tables 2  and 3 . The item 'ethics' is described in text only because it was hardly reported. Because the purpose of the review was to get an overview of methods used for involvement, no quality assessment of included articles was conducted. We did a narrative synthesis (as opposed to quantitative synthesis) of the extracted data. We defined our main categories deductively in line with our research questions. Subcategories for 'challenges' and 'facilitators' were created inductively based on the material. We analyzed common themes across studies. 
Both authors of this review jointly developed and discussed a standardized form to extract the data.
The form was pre-tested on three included articles to ensure usability and completeness of data. IS did the data extraction and AG reviewed the extracted data for correctness. We extracted the following data: reference, topic of article; aim, stages and methods of PPI, participants, recruitment, roles, setting, structure; challenges and facilitators; ethics. All but one item are presented in Tables 2 and 3 . The item 'ethics' is described in text only because it was hardly reported. Because the purpose of the review was to get an overview of methods used for involvement, no quality assessment of included articles was conducted. We did a narrative synthesis (as opposed to quantitative synthesis) of the extracted data. We defined our main categories deductively in line with our research questions. Subcategories for 'challenges' and 'facilitators' were created inductively based on the material. We analyzed common themes across studies. 
Results
A total of nine articles, all conducted in the UK, were included in the review. Eight of them focused on people with dementia [21, [24] [25] [26] [27] [29] [30] [31] , and one on people with frailty [28] . None of the articles explicitly presented methods for the involvement of people in nursing homes, or with mobility, hearing or visual impairments. Table 2 presents the topics of included articles, as well as the aims, stages and methods of the PPI conducted. Table 3 shows the implementation of PPI in the articles reviewed as well as challenges an involvement.
Implementation of PPI
Aim of Involvement
PPI was done to enhance the connection to the target population [28] , the appropriateness of documents [25] , the recruitment [21] , the interview experiences and data [31] as well as the validity of results [30] . Some methods aimed for improvements beyond the level of single studies: they wanted to enhance the acceptability and feasibility of future research [27] or to improve the use of resources [29] by involving patients or the public.
Methods and Stages of Involvement
The nine articles presented ten studies applying 13 methods of PPI. Iliffe et al. [21] reported on two studies. While most of the methods were used to involve patients and the public in one stage of the research process, one study used PPI in three [31] and two studies in all stages of the research process [26, 28] . In the latter the groups involved were referred to as 'local reference group' [26] or 'core reference group' [28] . Other studies used face-to-face methods such as workshops, focus groups or shared domiciles [21, 24, 27, 29] . One study used ad hoc involvement for flexible one-time consultations additionally to a reference group [28] . Three studies involved the patients' and public perspectives via survey or postal feedback [21, 25, 29] .
Participants
Three studies involved only people with own experiences of the old-age-related condition [24, 30, 31] , while three other studies additionally involved carers [25] [26] [27] . In two further studies professionals were also involved [21, 29] . A total of eight studies worked only with participants that spoke as private individuals [21, [24] [25] [26] [27] 30, 31] , while two worked with both private individuals and organizational representatives of the target population [28, 29] . The numbers of PPI participants varied between the studies, ranging from a minimum of three co-researchers in one project [31] , to a maximum of 1562 individuals who participated in a survey [29] .
Recruitment
Most recruitment strategies applied in the studies build on the use of disease-specific support organizations and networks [25] or research centers and networks [27] as distributors. They either shared the requests with all their members (e.g., via newsletters, open offers) [31] , or approached selected members (e.g., via group meetings) [26] . Heaven et al. [28] used their core reference group's personal networks for ad hoc involvement of additional individuals and groups. Two studies built on already existing groups: for the three-day workshops in a shared domicile all members of the primary study were asked to participate in the PPI [24] . In a project that applied co-research, an existing service user panel from the Alzheimer's Society (London, UK) was asked to participate [30] . The broadest recruitment strategy applied made use of websites, organizations, social media and local offices to attract participants to their survey [29] .
Level of Participation and Roles
Many studies involved participants as consultants who advised on special aspects of the research process [27, 28] , took part in discussions [21] or gave (anonymous) feedback on the study material [21, 25] . Some participants functioned as partners [24, 31] and shared control with researchers [26] . The study that used both a reference group and ad hoc involvement stated that these could be used interchangeably for consultation, collaboration and co-production in the PPI process [28] .
Setting of Involvement
There were two settings used for PPI activities: either the participants met at a shared venue or they did their PPI task individually. Out of the thirteen methods used for PPI in the studies, four were conducted at venues the participants were familiar with (e.g., within support organizations, regular meeting points of groups, at home) [27, [29] [30] [31] . In one study domiciles were shared with participants for three days at venues the participants were not familiar with [24] . For four methods, the authors did not state any details regarding the setting other than it was a common location [21, 26, 28, 29] . In three methods, survey or postal consultation, the PPI tasks were conducted individually [21, 25, 29] . For the ad hoc involvement no information on the setting was given [28] .
Ethical Approval
Only two of the included studies mentioned obtaining ethical approval [30, 31] while three stated that they did not require ethical approval [24, 27, 29] . Of the latter, one used consent forms and informed participants repeatedly that their participation is voluntary [24] . No information on ethical aspects in the articles was given for the remaining five studies [21, 25, 26, 28] .
Practical Challenges and Facilitators for Involvement
For all but two studies the authors stated that they faced various challenges trying to involve people with old-age-related conditions in their studies (see Table 3 ). The two studies did not report any challenges or facilitators [21, 29] .
Diversity
The enablement of an effective involvement of diverse people and the avoidance of tokenism was experienced as a challenge [27] . We identified two strategies to deal with diversity used in the included studies: the use of wide networks to ensure diversity in recruitment [28] , and the use of separate PPI activities for people with different conditions and experiences [27] .
Communication
The authors of the studies included in the review reported various challenges that affect the communication and collaboration for studies with people with dementia. These arose from poor memory, slow cognitive progressing, limited chronological reference, reduced confidence to make a contribution due to participants realizing that their abilities are vanishing and leading to a tendency to agree with researcher's suggestions [24, 30, 31] . The studies reviewed used different strategies to enhance communication, such as ensuring accessibility of information, adapting information to the group [26, 27] , securing knowledge through refreshments and summaries [31] , use of meaningful and non-suggestive task [30] , setting a pace that is appropriate for all participants [27] and the use of visualizations [24, 27, 30, 31] . For example, Stevenson et al. [30] elaborate that to avoid having a situation where participants just agreed with researcher's suggestions "[ . . . ] during the interviews, particular attention was given to paraphrasing using the participant's own words [ . . . ] and to avoid making suggestions as to what the individual might have meant by a particular response". This also applies to reflections on the choice of tasks: "Based on this experience, it was considered more meaningful to involve the group in identifying themes rather than verifying the interpretations of the research team" [30] .
Location
People with old-age-related conditions may have limited mobility [21] , so the choice of the venue where involvement takes place is of great relevance. Some of the studies used a venue for participation with which the participants were already familiar [27, [29] [30] [31] . Bartlett et al. [24] chose to share a domicile with the PPI participants with dementia "[ . . . ] to allow time for trusting relationships to be formed and creative energies and collaborations to flow in ordinary and outdoor spaces, rather than on University or other corporate premises". When searching for a domicile for their workshops, Bartlett et al. [24] looked for an accessible, clearly structured and quiet place that offered enough space for work and leisure activities.
Relationship
For people with dementia, bonding can be difficult [24] and this may result in reduced contributions. Hierarchies between researchers and participants can also contribute towards this effect. To enable meaningful contributions, researchers needed to get to know participants well as individuals and relationships had to be renewed regularly [31] . The location also played a role in this aspect as a relaxed environment where involvement activities can take place unprejudiced [30] or sharing a neutral space with PPI participants for a few days spending both free and working time together were chosen [24] . In two studies, developing a personal relationship to the research topic enabled participants to contribute more deeply [27, 31] .
Timing
For researchers the timing of PPI is essential as involvement takes time (e.g., for building relationships) [21, 31] . Further, potential participants may have temporal constraints [25] or get tired more easily [24] . The articles reviewed described different ways of working with time-related challenges. Two studies adjusted the type and level of involvement to less time consuming methods [21, 25] , one of them reporting, "[ . . . ] to manage time constraints and reduce the potential burden on readers, postal consultations were used" instead of personal encounters [25] . Another study invited the participants into an environment that allowed participation on their own terms and set a schedule that included enough time for both discussions and breaks [24] . Three further studies that emphasized flexibility as being very important introduced it by tailoring processes to the needs of the individuals [31] , making attendance flexible [26] and using different PPI methods interchangeably as needed [28] .
Continuity
The continuity of participation of people with old-age related conditions may be limited due to the progression of illness and related difficulties in care [26] . The issue has additional importance in longitudinal studies [28] . Two of the studies used the way of recruitment as a strategy to compensate for limitations in continuity: while one study recruited new members via the same support organization former participants were recruited [26] , another used PPI groups of sub-studies as a source of its core group [28] . Heaven et al. [28] involved organizations "[ . . . ] mindful of the fact that individual representatives may come and go".
Support for Participants
To support involvement, two studies with face-to-face PPI clarified roles with participants at the beginning [27, 30] . One of them additionally trained its reference group members on research methods and useful skills, and handed out a glossary of research terms [27] . Tanner [31] individually supported the co-researchers by giving them sufficient time to share their impressions and feelings and offering them additional support. Stevenson et al. [30] stated the lack of training as a limitation of their PPI processes.
Discussion
The aim of this review was to support scientists who intend to involve older people in health research by systematically identifying and describing studies that involved people with old-age-related conditions and analyzing the associated facilitators and challenges. We searched three databases and also manually searched the reference lists of the nine articles we identified that met our inclusion criteria, as well as a specialist journal and the INVOLVE library. Further, we used citation tracking in Google scholar to find articles that cited the articles we included. Although we searched for PPI covering six conditions, all but one of the included article were on dementia.
The authors of the included articles stated that patients and the public were involved to provide user perspectives in order to improve their studies. Some articles aimed for empowerment, that is, ensuring that the voices of people who are easily overlooked are heard in the research process [29, 31] .
The included studies used reference groups, co-production, workshops, residencies, focus groups, surveys and postal feedback to include the perspective of patients and the public as PPI methods [21, [24] [25] [26] [27] [28] [29] [30] [31] . Thus the methods used to involve people with old-age-related conditions were similar to the range of methods Domecq et al. [1] identified in a systematic review on studies on non-specific populations that applied PPI. The depth of participation varied between consultation, collaboration and co-production. While PPI participants mostly had the role of advisors, long-term reference groups and co-production offered deeper involvement as patients shared control [26] and agenda-setting [28] , and were partners to the researchers [24, 31] .
The involvement of people with old-age-related conditions is feasible but comes with challenges which can be grouped into seven categories: diversity, communication, location, relationship, timing, continuity and support. While some challenges are relevant for PPI regardless of the method applied (e.g., diversity and selection of participants), others are more closely related to particular methods only (e.g., continuity of PPI in longitudinal studies).
Issues on PPI that Are Not Related to Specific Methods
Recruitment, Diversity and Equity
Many of the articles we identified reflected on the diversity and representativeness of PPI participants and discussed potential biases for selection. The included studies primarily used condition-specific support organizations and networks to recruit people with old-age-related conditions for PPI. It is however possible that individuals who are recruited via networks are not the ones in most need of empowerment [32] . Some of the authors were even concerned that only those who identify themselves with the condition in focus would get involved [27, 31] . Hence, to recruit people with stigmatizing conditions (e.g., dementia, cognitive impairments) the authors recommended the use of a prudent language and a careful reflection on the ways in which potential participants could be approached [27] . Not only may people in advanced stages of diseases be less adequately represented in studies [30, 31] , a biased selection can also result from uncertainties regarding effort, task and venue [24] , different levels of education and experience with research [25] and underrepresentation of ethnic minorities [26] . While the authors of one study emphasized the special efforts they made to recruit underrepresented groups, such as people with dementia, they unfortunately did not elaborate on the efforts in the article [29] .
Selection bias can result in a lack of diversity and selection bias and diversity in PPI are closely related to questions on equity. If only selected groups participate, what does this mean for the groups that are not represented? Are individual opinions represented? How should a legitimate selection of participants look like? Researchers need to reflect whom they want to involve [21] : To what degree do they aim for representativeness? Should their PPI participants come with specific abilities or knowledge? In the process researchers however have to be cautious not to mistake the voice of (one) selected individual(s) as the opinion of all people affected by the condition [31] .
Ethics
Ethical issues were rarely discussed in the included articles. In general PPI activities often do not seem to require ethical approval as no research is carried out with the participants [33] who are rather involved as experts based on their own experiences. It is only if PPI participants get in direct contact with study participants that ethic committees need to give their approval as this can be a sensitive activity for both sides [33] .
As eight of the nine articles included in our review involved people with dementia, specific ethical needs may arise for the PPI activities with regards to consent and information. Rivett [18] reviewed principles for involving people with dementia as research subjects and related them to their active involvement as co-researchers. She found the process model of consent to be a valuable method to deal with assent and dissent. In contrast to the usual consent procedures, the process model consent is sought and reviewed throughout the whole project [34] . The experiences of Tanner [31] illustrated that using a process model of consent works for PPI activities. She got to know her co-researchers with dementia well at the beginning of the study and monitored and reviewed consent in context and over the duration of the research project. The co-researchers got directly involved with study participants. To ensure their wellbeing Tanner [31] talked to them about their feelings.
To guarantee that the process of involvement follows ethical standards, researchers should be familiar with the individual participant's signs of well-or ill-being and their strengths and weaknesses, making good relationships a prerequisite. Furthermore, potential participants have to be informed about the PPI project in a way that fits their needs and abilities [18] . None of the included articles described how they dealt with this aspect. There was, however, general information on strategies used to communicate when people with old-age-related conditions were already participating in the PPI, e.g., the use of role-plays and visualization [24, 27, 30, 31] .
Challenges and Facilitators within the Used PPI Methods
Continuity and Flexibility in Long-Term Involvement
Both studies that employed PPI over the whole research process reflected on the issues of continuity, recruitment and flexibility [26, 28] . For longitudinal studies, continuity of participation can be challenging, especially if people with progressive diseases are involved. To address this limitation, studies ensured that they could recruit new participants without big effort. This they did by identifying potential participants early on through using the PPI groups of sub-studies as a recruitment source, or contacting the same support group that the initial PPI participants came from [26, 28] . Flexible PPI models (e.g., flexible attendance in meetings [26] or the use of different PPI methods interchangeably [28] ) allowed the adjustment of involvement activities to the individual abilities of the participants and to alterations in the research process.
Communication, Setting and Relationships in Face-To-Face Methods
In studies that used short-term face-to-face-methods it was also important to consider a flexible schedule [24, 27, 31] . Apart from the reference groups, four studies used face-to-face methods. The said studies involved people with dementia via residencies, workshops or sessions in one or two selected stages of the research process and discussed challenges and facilitators [24, 27, 30, 31] . Common issues that came up for face-to-face involvement were communication, visualization and setting.
People with dementia have specific communicative needs and challenges [24, 30, 31] , hence an inclusive understanding of communication skills is fundamental for their involvement [31] . The communication skills needed by the researchers exceed regular moderation skills [24, 27, 30, 31] .
One study made use of trained facilitators who attended the PPI session [30] . No study stated that researchers received training for PPI.
An often-used aid to enhance communication and preserve existing knowledge was visualizations (e.g., the use of pictures, colored cards, films, visual games and charts). These were used to prompt discussions, give structure and focus, and to support continuity [24, 27, 30, 31] . Tanner [31] used multicolored cards to guide the co-researchers in the conduction of interviews. The cards visualized the structure that researchers and co-researchers had jointly developed for the interview process.
The choice of setting is important for PPI. Planning PPI meetings in venues that the participants were familiar and comfortable with allowed for relaxed collaboration and further ensured that the place fitted to the individual requirements [27, 30, 31 ]. An unfamiliar setting can lead to rejections as was evident in the study by Bartlett et al. [24] . In the said study some people declined to participate as they were unsure about the venue and worried about potential difficulties. This happened despite the fact that the potential participants knew the researchers.
As described earlier on, good, trustful relationships are central to enhance a meaningful and appropriate face-to-face involvement of people with dementia [24, 31] . Investing time to get to know participants and their interests well, and also their strengths and weaknesses added to the comfort and safety of the participants [31] . Based on the assumption that the venue shapes relationships and well-being, Bartlett et al. [24] shared a neutral space with their PPI participants for a few days, spending both, free and working time together. This not only enhanced trust and reduced hierarchies, but also strengthened the group [24] .
Participants of PPI may need guidance and support to be able to contribute meaningfully. While there is a discussion in the literature on how far PPI participants need training and how training affects the 'lay perspective' participants will bring to research [35] , many authors argue that offering training on research skills for the participants can enable them to contribute effectively [2, 36] . We found that only one study reported offering training on research methods and useful skills for their participants [27] . The authors of another study rather stated the absence of training as a limitation of their PPI [30] .
Individual Tasks as Alternative to Face-to-Face Methods
Three of the ten studies we identified involved the perspectives of patients and members of the public via postal consultation methods [21, 25, 29] . Two of them discussed their decision against face-to-face methods and for less comprehensive methods [21, 25] . Both these studies reported on considerations on timing [21, 25] , with one of them assigning these to time constraints of potential participants [25] . Difficulties associated with limited mobility and wide spread networks also influenced the decision for individual tasks [21] . Involvement methods with a common setting come with large organizational needs (e.g., to find an accessible venue, organize transport to the destination and assistance, plan a time structure that is feasible for everyone). All this requires an early planning of the PPI [21] .
The two studies also reported on the limitations of their choice of postal PPI methods. One of them mentioned the limited depth of information gained through PPI [21] . Burnell et al. [25] indicated that the lack of peer exchange could be a limitation and feared that the goal to empower PPI participants can be missed as patients "may have lacked ownership of the process, perhaps limiting their contributions" [25] . Some of the studies included in the review aimed for empowerment of patients and the public through PPI [29, 31] . Postal and other less comprehensive methods risk failing true empowerment of the easily overlooked.
Limitations of This Review
Our review included articles that reported on methods for involving people with at least one of the pre-defined old-age-related conditions in research. As Fudge et al. [32] already reported in a review in 2007, 'involving people in research' does not have a common meaning within the research community. We strictly followed INVOLVE's definition of PPI in research as "research being carried out 'with' or 'by' members the public rather than 'to', 'about' or 'for' them" [9] . Hence we excluded related approaches such as participatory research whenever it was not designed as research 'with' or by members of the public, thereby narrowing our inclusion process. Through this strategy we may have missed certain methods that were employed in studies applying a different definition of involvement.
Almost half of the included articles were not identified through the systematic search of databases but through manual searching. Two of these were found in the new specialist journal 'Research involvement and engagement' that is not yet listed in PubMed [27, 28] . The other two articles were listed in PubMed but did not yet have keywords [26, 30] . Thus, it is possible that we missed relevant articles that were not listed in the databases we searched or were not yet assigned keywords. We limited the search to health-related databases, as we did not expect to identify additional articles through databases from other fields.
The categorization of methods was limited as studies used non-standardized names for processes of involvement. For example, two articles called their PPI 'co-research' [30, 31] although the depth of involvement was quite different between the two. While one study involved a group of people with dementia in a single two-hours analysis session [30] , the other collaboratively prepared, conducted, and analyzed interviews over an extended period [31] . Similarly, a clear assignment of participation levels to methods was not always possible as relevant details, (e.g., the decision-making process), were not sufficiently elaborated in the articles.
We reported the roles PPI participants had in the studies as the authors of the articles described them. As a comprehensive assessment of participants' experiences was lacking in the articles, we were not able to state how they experienced their roles and the PPI processes. Future research should reflect more on the perspectives of all people involved in PPI processes.
We identified eight articles on PPI with people with dementia, and one on PPI with people with frailty. In contrast, we were not able to identify any article on PPI with people in need of care who live in a nursing home, or people with limitations in hearing, vision or mobility. It is possible that there are articles on the latter conditions that we did not find due to the search terms and selection criteria we used. To ensure that we do not miss relevant articles, we conducted manual searches in specialized journals, reference lists of included articles, and used citation tracking in Google scholar to identify articles citing the articles we included. As has already been mentioned, we excluded articles on participatory action research projects due to the fact that they did not fit with the definition of PPI we used. As a lot of these projects involved people in need of care and living in nursing care homes, we inadvertently simultaneously excluded the only articles that focused on this condition. We do not know in how far the methods, challenges and facilitators identified in the included studies for dementia and for frailty also apply to the other conditions. We can only assume that some aspects are comparable, e.g., the needs for accessible locations, inclusive communication, flexible structures and support. Other aspects might, however, need different approaches: e.g., most of the identified recruitment strategies are based on the use of networks and support organizations which might not be feasible for reaching people living in nursing care homes.
Our aim was to analyze the methods, challenges and facilitators to involve people with old-age-related conditions in research. We found that PPI is feasible but comes with several challenges. As we did not compare the challenges we identified for this group with those of PPI with different user groups (e.g., children, people with cancer), we cannot say whether these challenges are specific for the group in focus or not.
The fact that our review focused on people with old-age-related conditions might give the impression that PPI with people with old-age-related conditions is only a burden. We did not report on the many aspects PPI had a positive impact on in the included studies. Impact occurred at different levels including on the study through a higher quality of the research [26] , on researchers through a richer understanding of patients perspectives [30] , and on participants through a feeling of empowerment [31] .
Conclusions
In the last years there has been a growing awareness that patients and the public should be more actively involved in the design, conduct and dissemination of health-related studies. In an aging society the need for research on healthcare for people with old-age-related conditions increases. In this context PPI can add to the development of equitable healthcare solutions, democratize research and empower patients who are easily overlooked. Our review adds to the so far limited body of research on how to involve people with old-age-related conditions in research.
Our results demonstrate that PPI with people with old-age-related conditions is feasible. Nonetheless, there can be specific challenges that need to be taken into account. These comprise specific communication needs, limited mobility, temporal constraints, limited continuity of participation, difficulties in bonding, and limited confidence to contribute. We found that both structural and individual aspects need to be considered when aiming for more equity concerning whose perspectives are (effectively) included in research and healthcare. Aspects such as flexibility, accessibility and a respectful attitude that values individual abilities allow a wider range of individuals and groups to get involved in an effective way. Structural considerations on involving diverse patients and members of the public can lead to a more inclusive environment. Furthermore, researchers need to be flexible and plan enough time and resources for the individual needs of the people they involve. Further research is needed on the involvement of people in care homes or with limitations in vision, hearing or mobility. The use of explicit and consented terms within PPI would help to make PPI process more transparent and comparable.
